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VOLUME 

RELATED APPLICATIONS 

This application is related to the following United States Patent application: 

"SYSTEM AND METHOD FOR CONSOLIDATED REPORTING OF 
CHARACTERISTICS FOR A GROUP OF FILE SYSTEMS" by Brian M. Hackworth, 
filed on May 22, 2001 , Serial No. 09/862,949. 

FIELD OF THE INVENTION 

The present invention relates to storage systems and more particularly to systems 
and methods for pre-selecting disks based on the disks' validity with respect to volumes 
within a networked storage system environment. 

BACKGROUND OF THE INVENTION 

A file server is a type of storage system, that provides file service relating to the 
organization of information on storage devices, such as disks. The file server or filer im- 
plements a file system to logically organize the information as a hierarchical structure of 
directories and files on the disks. Each "on-disk" file may be implemented as a set of 
disk blocks configured to store information, such as text, whereas the directory may be 
implemented as a specially formatted file in which information about other files and di- 
rectories are stored. 

A storage system may be further configured to operate according to a client/server 
model of information delivery to thereby allow many clients to access files stored on a 
server, e.g., the filer. In this model, the client may comprise an application, such as a file 
system protocol, executing on a computer that "connects" to the filer over a computer 

1 



H:\l 12\056\001 1\PROSECUT\001 l.doc 12/21/01 4:25 PM 



PATENT 
P01-1079/1 12056-0011 

network, such as a point-to-point link or a shared local area network (LAN) or wide area 
network (WAN). Each client may request the services of the filer by issuing file system 
protocol messages (in the form of packets) to the filer over the network. 

A filer is organized so that it includes one or more storage "volumes" that com- 
5 prise a cluster of physical storage disks, defining an overall logical arrangement of stor- 
age space. Currently available filer implementations can serve a large number of discrete 
volumes (for example 150, although this number is subject to increase). Each volume is 
generally associated with its own file system. The disks within a volume/file system are 
typically organized as one or more groups of Redundant Array of Independent (or Inex- 
10 pensive) Disks (RAID). RAID implementations enhance the reliability and integrity of 
data storage through the redundant writing of data "stripes" across a given number of 
physical disks in the RAID group, and the appropriate caching of parity information with 
respect to the striped data. In the example of a WAFL-based file system, a RAID 4 im- 
plementation is advantageously employed. This implementation specifically entails the 
is striping of data across a group of disks, and separate parity caching within a selected disk 
of the RAID group. Thus, in such a RAID 4 implementation, a volume includes at least 
two disks, namely, at least one data disk and one associated parity disk. 

From time to time during operation, a storage system will need to create a new 
volume or extend an existing volume by adding disk drives as storage needs change. 

20 Moreover, one or more of the physical disk drives that comprise a volume may fail, in 
which case, the malfunctioning disk will need to be removed from the RAID group 
and/or volume and replaced with a working one. Many storage systems have a "pool" of 
spare disks that are attached to the system but have not been assigned to a file system or 
volume, and consequently are not actively storing data (i.e., such disks are not active 

25 disks). These spare disks can be utilized to form or extend volumes or replace a mal- 
functioning disk. 

A spare disk that is to be used in creating a volume or to be added to an existing 
volume should have certain characteristics. These can include "disk characteristics" and 
"volume characteristics." An example of a disk characteristic is the size. For example, if 
30 a disk that is being replaced is 9 gigabytes (GB), the replacement disk should be at least 9 
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GB in size. An example of a volume characteristic is the style of checksum. Two com- 
mon types of checksum are block and zoned. Block checksum sectors contain a 512-byte 
data segment and an eight-byte checksum for a total of 520 bytes per sector (BPS). 
Zoned checksum sectors contain a data segment and checksum, with a total of 512 BPS. 

5 A disk formatted with a 512 BPS configuration generally cannot be used in a block 
checksum volume; however, a disk formatted with a 520 BPS configuration can be used 
in either a block checksum volume or a zoned checksum volume. If a 520 BPS disk is 
used in a zoned checksum, the extra eight bytes are not used. For example, if a disk from 
the spare pool is to be added to a volume using blocked checksum, the spare disk must 

10 have 520 BPS. A spare disk having only 512 BPS could only be validly assigned to a 
volume using zoned checksum. 

A user may interact with a filer to create a volume or to add a disk to an existing 
volume through the use of a command line interface (CLI) or a graphical user interface 
(GUI). The CLI enables the user to type in commands for the filer to execute. The GUI is 
15 typically accessed via a web browser running on the user's computer and connected to 
the filer via a hypertext transfer protocol (HTTP) connection. The GUI presents a menu 
of options that is selected by the user via a mouse or other pointing device and generates 
commands for the filer to execute. 

In a known system employing a manual approach to disk selection, a GUI option, 
20 screen is used to display user-selectable operations, for example the option to create a 
volume or to add a disk to a volume. The option screen may also show, a list of identifi- 
ers (Ids) of available disks in the spare pool and their size. The user can select one or 
more disks from the screen (e.g., by highlighting the selected disks in the list) in accor- 
dance with the requested "create" or "add" operation. The user makes the selection in 
25 this known system based on what the user knew of any required disk and volume char- 
acteristics since no such information is normally displayed on screen. Since the list of 
spares includes all disks (even those not "valid" for the requested operation, e.g., due to 
their size or checksum), the user might select an invalid disk. If the user selects a disk 
that is not valid and then attempts to initiate the resulting command, (by submitting the 
30 page to the filer via HTTP for processing by the storage operating system), an error mes- 
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sage is generated and the command is not executed. Thus, the administrator or user must 
go through a trial and error process to be able to successfully add a disk to a volume. 
While suitable for the more sophisticated users, this manual approach manifests distinct 
disadvantages in ease of operation. 

The known system provides an alternative to the manual disk selection technique 
just described. In this alternative, the system responds to a user-indicated "add" or "cre- 
ate" operation by selecting suitable disks automatically. 

Accordingly, it is an object of the present invention to provide a system and 
method for selecting disks for creation or expansion of a volume that provides ease of use 
and faster administration, while giving the user a high degree of control in the disk selec- 
tion process. 



SUMMARY OF THE INVENTION 

This invention overcomes the disadvantages of the prior art by providing a system 
and method for pre-selecting candidate disks that can be validly used with a volume of a 
storage system. Pre-selection can be made based on many characteristics including char- 
acteristics associated with the volume and/or the disk. The storage system creates and 
maintains a set of data structures or tables, including a disk table and a volume table. The 
disk table contains characteristics of all disks affiliated with the storage system whereas 
the volume table contains the characteristics of all volumes served by the storage system. 

The preselected disks can be presented to a user as pre-qualified candidates, from 
which the user can select the disks to be used in a new volume or added to an existing 
volume. For example, the storage system can display a graphical user interface (GUI) 
including an interactive screen view for volume creation and expansion, or separate 
screen views for the two operations. By means of the GUI, the user can be presented 
with a list of disks that are preselected as suitable for use with a volume. Then, the user 
can interactively designate (e.g., by highlighting) one or more of the disks identified in 
the list to be used with the volume. In alternative implementation, the user may be pre- 
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sented with one or more alternative mechanisms for disk designation: an automatic des- 
ignation mechanism in which the system permits the user only to select the number of 
disks and their sizes, and a manual designation mechanism in which the system pre- 
selects the disks and permits the user to designate disks from the preselected list accord- 
ing to the user's own criteria. The latter manual designation will appeal to sophisticated 
users who wish to custom configure the disk subsystem for performance or other reasons. 

In a specific implementation, a registry is provided that interfaces with the file 
system and a Java virtual machine (JVM). The registry provides hooks into the volume 
and disk tables that are then accessible via an application program interface (API) to the 
JVM. A Java program, such as a servlet, can access the data stored in the tables via calls 
to the API. According to this implementation when a graphical user interface presents a 
list of disks to be selected for an "add" or "create" operation, only those disks that are 
valid for the operation are displayed. A process (e.g. a Java servlet) obtains information 
on the spare disks and the volume via a call to the API associated with the registry and 
the process selects those disks that match the characteristics required. The graphical user 
interface only displays valid disks for the volume involved. This pre-selection reduces 
operator time and errors. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above, and further advantages of this invention may be better understood by 
referring to the following description in conjunction with the accompanying drawings in 
which like reference numerals indicate identical or functionally similar elements: 

Fig. 1 is a schematic block diagram of a network environment including various 
networked devices including exemplary filers and associated volumes and disks; 

Fig. 2 is a more-detailed schematic block diagram of an exemplary filer appliance 
in accordance with Fig. 1 ; 

Fig. 3 is a schematic block diagram of an operating system for use with the exem- 
plary filer of Fig. 2 according to an embodiment of this invention; 

Fig. 4 is a diagram of a volume table associated with the file storage layer of Fig. 

3; 
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Fig 5 is a diagram of a disk table created and maintained by the RAID layer of 

Fig. 3; 

Fig. 6 is an exemplary screenshot of a GUI for Volume Creation operation, 
showing a Manual Disk Selection option with a candidate disk selector menu in accor- 
5 dance with this invention; 

Figure 7 is an exemplary screenshot of a GUI for a Disk Add operation, showing 
a Manual Disk Selection option with a candidate disk selector menu in accordance with 
this invention; 

Fig. 8 is a flowchart showing the process for pre-selection of a disk to be added to 
10 a volume; 

Fig. 9 is a flowchart showing the process of pre-selection of disks to be used when 
creating a volume; 

Fig. 10 is an exemplary screenshot of a GUI for a prompt for a mirroring option; 

Fig. 1 1 is an exemplary screenshot of a Disk Selector Menu for a mirrored vol- 

15 ume in accordance with this invention; and 

Fig. 12 is an exemplary screenshot of a checksum selector menu in accordance 

with an embodiment of this invention. 

DETAILED DESCRIPTION OF THE ILLUSTRATIVE 
EMBODIMENTS 

20 Fig. 1 is a schematic block diagram of an exemplary network environment 100 in 

which the principles of the present invention are implemented. The network 100 is based 
around a local area network (LAN) interconnection 102. However, a wide area network 
(WAN), virtual private network (VPN) implementation (utilizing communication links 
over the Internet, for example), or a combination of LAN, WAN and VPN implementa- 

25 tions can be established. For the purposes of this description, the term "LAN" should be 
taken broadly to include any acceptable networking architecture. The LAN 102 inter- 
connects various clients based upon personal computers (PCs) 104, servers 106 and a 
network cache 107. Also interconnected to the LAN may be a switch/router 108 that 
provides a gateway to the well-known Internet 109, thereby enabling various networked 

30 devices to transmit and receive internet based information, including e-mail, web content, 
and the like. 
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It will be understood by those skilled in the art that the inventive technique de- 
scribed herein may apply to any type of special-purpose (e.g. server) or general-purpose 
computer, including a standalone computer, embodied as a storage system. To that end, 
filer 110 will hereinafter be referred to as storage system 110. Moreover, the teachings of 
this invention can be adapted to a variety of storage system architectures including, but 
not limited to, a network-attached storage environment, a storage area network and disk 
assembly directly-attached to a client/host computer. The term "storage system" should 
therefore be taken broadly to include such arrangements. 

In addition, exemplary storage systems 1 10 and 1 12 (Filer 1 and Filer2, respec- 
tively) are connected to the LAN. These storage systems, (described further below) are 
configured to control storage of, and access to, data in a set of interconnected storage 
volumes 120 and 122, respectively. The volumes 124, 126, respectively, are numbered 0- 
N. As described further below, each volume is typically organized to include one or 
more RAID groups of physical storage disks for increased data storage integrity and reli- 
ability. Each storage system 1 10, 1 12 can also include a dedicated storage cache/disk 
128, 130, respectively for storage system applications and data handling functions. Each 
of the devices attached to LAN include an appropriate, conventional network interface 
arrangement (not shown) for communicating over the LAN using desired communication 
protocols, such as the well-known Transport Control Protocol/Internet Protocol (TCP/IP), 
User Datagram Protocol (UDP), Hypertext Transfer Protocol (HTTP) or Simple Network 
Management Protocol (SNMP). 

Fig. 2 is a more-detailed schematic block diagram of the exemplary storage sys- 
tem 1 10 (Filer 1) that is advantageously used with the present invention. Other storage 
systems can have similar construction (including exemplary Filer2 1 12). The storage 
system can be implemented as a network storage appliance, which system is a special- 
purpose computer that provides file service relating to the organization of information on 
storage devices, such as disks. However, it will be understood to those skilled in the art 
that the inventive concepts described herein may apply to any type storage system, 
whether implemented as a special-purpose or general-purpose computer, including a 
standalone computer. The storage system 110 comprises a processor 222, a memory 224, 
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a network adapter 226 and a storage adapter 228 interconnected by a system bus 225. 
The storage system 110 also includes an operating system 230 that implements a file 
system to logically organize the information as a hierarchical structure of directories and 
files on the disks. 

In the illustrative embodiment, the memory 224 may have storage locations that 
are addressable by the processor and adapters for storing software program code and data 
structures associated with the present invention. The processor and adapters may, in turn, 
comprise processing elements and/or logic circuitry configured to execute the software 
code and manipulate the data structures. The operating system 230, portions of which are 
typically resident in memory and executed by the processing elements, functionally or- 
ganizes the storage system 1 10 by, inter alia, invoking storage operations in support of a 
file service implemented by the storage system. It will be apparent to those skilled in the 
art that other processing and memory means, including various computer readable media, 
may be used for storing and executing program instructions pertaining to the inventive 
technique described herein. 

The network adapter 226 comprises the mechanical, electrical and signaling cir- 
cuitry needed to connect the storage system 1 10 to a client 104 (see Fig. 1) over the com- 
puter network (LAN 102), which, as described generally above, can comprise a point-to- 
point connection or a shared medium. A client 104 can be a general-purpose computer 
configured to execute applications including application block protocols, such as the 
Hypertext Transfer Protocol (HTTP). Moreover, the client can interact with the storage 
system 1 10 in accordance with a client/server model of information delivery. That is, the 
client may request the services of the storage system, and the storage system may return 
the results of the services requested by the client, by exchanging messages that encapsu- 
late, e.g., the HTTP protocol format over the network 102. The format of the HTTP mes- 
sage is well-known and described in "Request for Comments (RFC) 2616, HTTP/ 7.7" by 
J. Gettys et al (1999) which is hereby incorporated by reference. 

The storage adapter 228 cooperates with the operating system 230 executing on 
the storage system to access information requested by the client, which information may 
be stored on a number of storage volumes 124 each constructed from an array of physical 
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disks that are organized as, e.g. RAID groups 240, 242, 244 and 246. The RAID groups 
include independent physical disks including those storing striped data (D) and those 
storing separate parity (P) for the data, in accordance with a preferred RAID 4 configura- 
tion. However, other configurations (e.g. RAID 5) are also contemplated. 

The storage adapter 228 includes input/output (I/O) interface circuitry that cou- 
ples to the disks over an I/O interconnect arrangement, such as a conventional high- 
performance, Fibre Channel serial link topology. The information is retrieved by the 
storage adapter 228 and, if necessary, processed by the processor 222 (or the adapter 228 
itself) prior to being forwarded over the system bus 225 to the network adapter 226, 
where the information is formatted into a packet and returned to the client 104. 

To facilitate access to the disks 130, the operating system 230 implements a file 
system that logically organizes the information as a hierarchical structure of directories 
and files on the disks. Each "on-disk" file may be implemented as set of disk blocks con- 
figured to store information, such as text, whereas the directory may be implemented as a 
specially formatted file in which other files and directories are stored. In the illustrative 
embodiment described herein, the operating system 230 associated with each volume is 
preferably the NetApp® Data ONTAP™ operating system available from Network Ap- 
pliance, Inc. of Sunnyvale, CA that implements a Write Anywhere File Layout (WAFL) 
file system. The preferred operating system for the exemplary storage system is now de- 
scribed briefly. However, it is expressly contemplated that the principles of this inven- 
tion can be implemented using a variety of alternate operating system architectures. 

Fig. 3 is a schematic diagram of the operating system 230 comprising a series of 
software layers, including a media access layer 310 of network drivers (e.g., an Ethernet 
driver). The operating system 230 further includes network protocol layers, such as the 
IP layer 312 and its TCP layer 314, and UDP layer 316. A file system protocol layer 318 
provides multi-protocol data access and, to that end, includes support for the Common 
Internet Files System (CIFS) protocol, the Network File System (NFS) protocol 320 and 
the HTTP protocol 322. In addition, the operating system 230 includes a disk storage 
layer 324 that implements a disk storage protocol, such as a RAID protocol, and a disk 
driver layer 326 that implements a disk access protocol such as, e.g., a Small Computer 
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Systems Interface (SCSI) protocol. Bridging the disk software layers with the network 
and file system protocol layers is a WAFL file system layer 330 of the operating system. 

Generally, the WAFL layer implements the WAFL file system having an on-disk 
format representation that is block-based using, e.g., 4-kilobyte (KB) data blocks and us- 
ing inodes to describe the files. The WAFL file system generates operations to load (re- 
trieve) the requested data from volumes 124 if it is not resident "in-core", i.e., in the stor- 
age system's memory 224. Upon completion of the request, the storage system (and op- 
erating system) returns a reply, e.g., a conventional acknowledgement packet defined by 
the CIFS specification, to the client 104 over the network 102. 

The WAFL system layer 330 also creates and maintains a volume table 400 in e.g. 
memory 224. Fig. 4 shows a diagram of an illustrative volume table 400. The volume 
table 400 comprises a series of entries 402; wherein each entry 402 contains a set of data 
about the characteristics of the volume. Illustrative data identifies the type of checksum 
used, the disks that are affiliated with the volume, and the RAID group structure affiliated 
with the volume, and whether the volume is mirrored or not. It is expressly contemplated 
that additional or other data may be stored in the volume table. 

Similarly, the disk storage layer 324 creates and maintains a disk table 500. Fig. 5 
is a diagram of an illustrative disk table 500 that is created and maintained by the disk 
storage level in memory 224. The disk table 500 contains an entry 502 for each disk at- 
tached to the storage system. Each entry 502 contains data about the associated disk, for 
example, identifying the type of disk, the BPS, the percentage used, the storage capacity 
of the disk (i.e. size) and the adapter card to which the disk is attached. In certain imple- 
mentations in which the spare pool is partitioned into sub-pools, each with spare disks to 
be connected only to a particular adapter, the adapter card ID identifies a corresponding 
sub-pool. A common naming convention for a disk attached to a storage system is X.Y, 
where both X and Y are integer values. The X value represents the adapter to which the 
disk is physically and electrically connected, while the Y value represents the actual lo- 
cation of the disk within a storage shelf. It is expressly contemplated that additional or 
other data may be stored in the disk table. 
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The WAFL layer 330 or disk storage level 324 dynamically create and update 
these tables during the course of operation. 

Additionally, the operating system 230 comprises a registry 360 having interfaces 
to both the disk storage layer 324 and the WAFL system layer 330. The registry 360 is a 
naming mechanism used in accessing configuration data regarding volume and disk char- 
acteristics. The registry names are used as indexes into the disk table 400 and volume 
table 500. In the illustrative embodiment, a registry lookup operation maps to code 
within the storage operating system that accesses appropriate table structures maintained 
by the disk storage WAFL layer to retrieve the configuration data. More specifically, the 
registry 360 has an application program interface (API) 362 that permits a Java Virtual 
Machine 364 access to data stored in tables 400 and 500. A Java servlet 366 can thus ac- 
cess the API 362, which interfaces with the registry 360. For example, in response to a 
data request received by the servlet, the registry 360 accesses the appropriate tables 400, 
500 within the WAFL or disk storage layers, retrieves the requested data, and returns the 
data via the API 362 to the servlet 366. The servlet 366 can then perform a novel pre- 
selection process to determine which disks are valid for a specific volume or operation. It 
should be noted that it is expressly contemplated that other forms of programs can be 
used in accordance with this invention, including as examples, applets, programs, proc- 
esses, and threads. Additionally, it should be further noted that the API can also interface 
with other levels of the operating system and other programming languages, e.g. C, or 
C++. Additionally, the registry 360 can be exposed via the CLI to enable access to the 
configuration data by user. 

An illustrative example of a call to the registry API in Java is: 

String bps = Registry.get("status.disks.3.1.bytes_per_sector 9? ); 

This function call stores the BPS of Disk3.1 in the string variable bps. 

The storage operating system 230 further supports a graphical user interface 
(GUI) 105, which can be used to issue commands and perform maintenance and admin- 
istrative functions to the storage system. The GUI 105 is displayed to a web browser con- 
nected to the storage system via a HTTP connection. Thus, in accordance with an em- 
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bodiment of the present invention, it is possible to obtain information related to disks and 
volumes via the registry 360 and then only display those disks that are valid for the vol- 
ume involved. This pre-selection is done when the user is presented with a list of disks to 
choose from. 

5 The following is a generalized pseudo-code description of the pre-selection proc- 

ess that a program performs when pre-selecting disks to add a disk according to an em- 
bodiment of the invention: 

set DiskToBeAdded.Characteristics = get(data.<disktobeadded>xharacteristics);(l) 
10 set Volume.Characteristics. = get(data.volume.characteristics);(2) 
set disks[] = get(data.SpareDisks[]); 
for (n = 1 to sizeof(disks[])) 

{ 

if DiskToBeAdded.Characteristics. = disk[n].DiskCharacteristics 
15 AND 

Volume.Characteristics. = disks[n].VolumeCharacteristics 
then set disks [n]. display = TRUE;(3) 
else set disks[n]. display = FALSE; 

} 

20 for (x = 1 to sizeof(disks[])) 
{ 

if disks[x].display = TRUE then DisplayInMenu(disk(x));(4) 
} 

With reference to the above pseudo code listing the following comments apply to 
25 the steps numbered in parenthesis: 
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1 . The get() function is a call to the API of the registry. The registry then accesses the 
appropriate disk table, retrieves the desired information, and returns the data via the API. 

2. The get() function call to the API will result in the registry retrieving the characteris- 
tics of the selected volume from the appropriate volume table in the file system layer. 

5 3. The "if/then/else" statement noted above can be readily modified by one of skill in the 
art depending on whether a spare disk is being pre-selected to be used in the creation of a 
volume or if a spare disk is simply going to be added to the volume. 

4. The DisplayInMenu() function call can either actually display the disk in a menu on 
the GUI or simply add the disk that has been pre-selected into a list of disks to be dis- 
10 played. 

Illustrative volume characteristics that can be used in pre-selecting candidate 
disks include the type of checksum, the RAID group structure and the mirroring status. In 
a preferred embodiment, the volume can have either zoned or block checksum. Moreo- 
15 ver, a volume can be mirrored or not. The RAID group structure details how many disks 
there are per RAID group affiliated with the volume. For example, if RAID 4 is utilized, 
there must be at least 2 disks per RAID group, but in some implementations, as many as a 
maximum of 28 disks can be utilized. 

If a volume is mirrored, disks must be added to both the primary volume and each 
20 mirror. According to a preferred embodiment of mirroring, disks should have an exact 
match between the source volume and the mirror volume as to disk size and bytes per 
sector, but the data disks and mirror disks should be connected to different adapters (i.e., 
have different Adapter Ids). 

Illustrative disk characteristics that can be used in pre-selecting candidate disks 
25 include the size, the BPS and the adapter card. Illustrative BPS include 520 BPS and 512 
BPS. A spare disk having 512 BPS can only be used in a volume utilizing disks having 
512 BPS. Additionally, if a volume utilizes 512 BPS disks (i.e. the volume uses zoned 
checksum), disks having 520 BPS can be added to the volume. 
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In a preferred embodiment, spare disks are organized in pools or sub-pools ac- 
cording to the adapter card to which they are attached. If a volume is mirrored, the disks 
for each mirror should come from separate, distinct sub-pools for each mirror to improve 
reliability in the event that an adapter fails. Thus, if a volume is mirrored, the adapter ID 
5 corresponding to the adapter card to which a disk is attached can be utilized as a charac- 
teristic to be matched. 

Fig. 6 shows an illustrative embodiment of one of the screens of the GUI dis- 
played to a user for a "new volume creation" operation. It is expressly contemplated that 
a variety of formats and organizational schemes for displaying and manipulating data can 

io be employed. The version described herein is only one possible arrangement. Fig. 6 
shows an illustrative GUI window 700 for creating a volume that has a volume name en- 
try field 702, a RAID group size field 704, a language menu 706 and buttons for Back 
718 and Add 720. During operation, a user enters a volume name unique within the stor- 
age system in the volume name entry field 702. A user also enters the maximum size of 

15 the RAID group in terms of number of disks, and the language to be used on the new 

volume. In this illustrative screenshot, the Automatic Disk Selection option 708 has been 
selected by a user, e.g. using a "point and click" tool (not shown) such as a mouse. With 
the Automatic Disk Selection, there is a field for user entry of the number of disks 712, 
and a field for the size of these disks 714, typically expressed today in GigaBytes (GB). 

20 For example, the disk size field 714 can present the disk sizes as a drop down menu of 
available sizes. If the user is willing to add any disk sizes available, an "any size disk" 
entry is indicated in the menu. After the user enters the foregoing information in fields 
702-714, and points and clicks on the "Add" button, the storage system responsively 
forms a new volume having the designated name, volume characteristics, and disk char- 

25 acteristics, while automatically selecting the disks constituting the volume from the disk 
pool with no further user involvement. 

Alternatively, the Manual Disk Selection option 710 can be selected. In response, 
the storage system presents the user a disk selector menu 716 that displays disks that have 
been pre-selected/pre-qualified, based on the disks' validity for the new volume. In ac- 
30 cordance with the present invention, the disk selector menu 716 only displays those disks 
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that are valid for the new volume. Notably, the disks that are valid for the "volume crea- 
tion" operation are pre-selected before being displayed to the user. Then, responsive to 
the display, a user can select those disks to constitute the volume, e.g. by highlighting the 
menu entries using a point and click device. As illustrated, the menu can present the user 
with relevant information regarding the disks, such as disks size, checksum type, adapter 
ID, etc. to assist the user in making informed choices. After a user selects the disks, the 
user simply points and clicks on the "add" button 720 to enter his or her selections. The 
storage system responsively forms a new volume from the selected disks with no further 
user involvement. 

Fig. 7 shows an illustrative embodiment of one of the screens of the GUI dis- 
played to a user for an "enlarge volume" operation. It is expressly contemplated that a 
variety of formats and organizational schemes for displaying and manipulating data can 
be employed. The version described herein is only one possible arrangement. Fig. 7 
shows an illustrative GUI window 750 for enlarging a volume, i.e., adding disks to an 
existing volume. The GUI window 750 has a volume entry field 748, in which a user 
may enter the name of a particular volume to be enlarged. In this illustrative screenshot, 
two alternative, user-selectable techniques are once again provided. A user may select 
Automatic Disk Selection 751, e.g., by means of a "point and click" tool such as a mouse. 
With Automatic Disk Selection 751, there is a field for user entry of the number of disks 
752 to be added to the named volume. Normally, in the exemplary system illustrated, the 
user can later add additional disks, but cannot remove disks from the volume. The GUI 
window 750 has a disk size field 754, for user entry of the size of the disks that are to be 
used, typically expressed today in GigaBytes (GB). For example, the disk size field 754 
can present the disk sizes as a drop down menu of available sizes. If the user is willing to 
add disks of any size available, an "any size disk" entry is indicated in the menu. After 
the user enters the foregoing information in fields 752-754, and points and clicks on the 
"Add" button 756, the storage system responsively selects disks of suitable characteristics 
from the spare pool to be added to the named volume and proceeds with executing the 
configuration change with no further user involvement. 
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Alternatively, a Manual Disk Selection option 760 can be user selected. In re- 
sponse, the storage system presents a disk selector menu 716 to the user that displays 
disks that have been pre-selected/pre-qualified, based on the disks' validity for the exist- 
ing volume. In accordance with the present invention, the disk selector menu 716 only 
displays those disks that are valid for the existing volume. Notably, the disks that are 
valid for the "volume add" operation are pre-selected before being displayed to the user. 
Then, responsive to the display, a user can select those disks to be added to the volume, 
e.g. by highlighting the menu entries using a point and click device. As illustrated, the 
menu can present the user with relevant information regarding the disks, such as disk 
size, checksum type, adapter ID, etc. to assist the user in making informed choices. After 
a user selects the disks, the user simply points and clicks on the "add" button 756 to enter 
his or her selections. The storage system responsively adds the selected disks to the ex- 
isting volume with no further user involvement. 

Figs. 8 is a flowchart detailing the pre-selection of candidate disk process for 
adding a disk to a volume. Fig. 8 shows an illustrative process for pre-selecting candi- 
date disks when a disk is being added to a volume. According to step 810, the user se- 
lects an option to add a disk to a volume via an user-selectable option "button" or indi- 
cator within a graphical user interface. The user enters the name of the volume to be ex- 
tended. In response, in step 815, a process (e.g. a servlet) running within the storage 
system executes a request for the characteristics of the volume that is to be grown. The 
request is sent to the Application Program Interface (API) of the registry. 

The registry acquires the characteristics of the volume from the volume table in 
step 820, and returns the volume characteristics via the API at step 825. The process then 
calls the API and requests the characteristics of any spare disks (step 830). The registry 
obtains the requested characteristics of any spare disks from the disk table (step 835), and 
returns the data to the requesting process through the application program interface in 
step 840. The process then compares the volume characteristics with the characteristics 
of the spare disks (step 845) and displays those disks that match in a disk selector menu 
in step 850. 
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Steps 815 through 825 are associated with obtaining volume characteristics. 
Similarly, steps 830 through 845 obtain spare disk characteristics. It should be noted that 
these two actions can occur in any order, or even occur concurrently with each other. 
They are only shown and described in this order for ease of understanding. 

5 Figs. 9 is a flowchart detailing the pre-selection of candidate disk process for cre- 

ating a new volume. Fig. 9 shows an illustrative process 900 for pre-selecting/pre- 
qualifying candidate disks to be chosen by a user for use in the new volume. According 
to step 910, the user selects an option to create a new volume via an user-selectable op- 
tion "button" or indicator within a graphical user interface. The user enters a new volume 

10 name, the RAID group size, and the language to be used for the volume. The user also 
selects whether he/she wishes to select disks for the new volume via Automatic Disk Se- 
lection or Manual Disk Selection (step 912). 

If Automatic Disk Selection is indicated, the user enters the number of disks to be 
used in forming new volume, and their sizes (step 914). In response, in step 915, a proc- 

15 ess (e.g. a servlet) running within the storage system executes the request for a new vol- 
ume of the noted characteristics. The request is sent to the Application Program Interface 
(API) of the registry. The process then calls the API and requests the characteristics of 
any spare disks (step 930). The registry obtains the requested characteristics of any spare 
disks from the disk table (step 935), and returns the data to the requesting process through 

20 the application program interface in step 940. The process then compares the user en- 
tered characteristics with the characteristics of the spare disks (step 945) and forms the 
new volume from arbitrarily selected ones of those disks. 

On the other hand, if Manual Disk Selection is indicated, in response, in step 955, 
a process (e.g. a servlet) running within the storage system executes the request for a new 

25 volume of the noted characteristics. The request is sent to the Application Program Inter- 
face (API) of the registry. The process then calls the API and requests the characteristics 
of any spare disks (step 960). The registry obtains the requested characteristics of any 
spare disks from the disk table (step 965), and returns the data to the requesting process 
through the application program interface in step 970. The process then displays infor- 

30 mation regarding those disks, e.g. in menu format, for user selection (step 975), and re- 
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sponsive to the selection, forms the new volume from the user-selected ones of those 
disks (step 980). In making the selections, the user can use his/her own selection criteria. 
For example, the user may wish to keep certain types of data on certain shelves, or within 
a certain proximity on a shelf or shelves, and thus will choose only those disks sharing 
particular Adapter Ids or locations. 

In one embodiment the storage operating system will provide a series of screens 
and prompts to guide a user through the creation of new volumes. Fig. 10 is an exem- 
plary screenshot of a mirror decision window 1000 of such a wizard. The window has 
two selector buttons 1005 and 1010. The user will select the appropriate selector button 
depending on whether the user desires to have the volume mirrored or not. Fig. 1 1 is an 
exemplary screenshot of a Disk Selector Menu 1 1 00 for a mirrored volume. The Disk 
Selector Menu has a listing of disk in one group, arbitrarily called Pool 1 1 1 10 and an- 
other listing of disks in a Pool 2 1 120. The contents of each list are disks that have been 
preselected in accordance with the teachings of this invention. The menu also includes a 
button to Add 1 130 the selected disks to the newly created volume and an override button 
1 140, which allows a user to create a volume even if there are not enough spare disks to 
form the volume from pre-qualified disks. Fig. 12 is a Checksum Selector Menu 1200 
with options that allow the user to select zoned 1210 or Block 1220 checksum for a new 
volume. 

The foregoing has been a detailed description of preferred embodiments of the in- 
vention. Various modifications and additions can be made without departing from the 
spirit and scope of the invention. For example, file systems other than WAFL can be 
used. The Java Virtual Machine could be any type of operating environment. Other stor- 
age architecture, such as storage area networks can also be employed. The registry could 
be integrated into the file system layer. Accordingly, this description is meant to be taken 
only by way of example, and not to otherwise limit the scope of this invention. 

What is claimed is: 
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